Summary Increased levels of circulating soluble type of E-selectin (sE-selectin), neutrophil counts and blood pressure are associated with the development of cardiovascular diseases (CVD). In this study, we conducted a cross-sectional study of men who participated in health check-ups, and selected those who were not diagnosed with or being treated for metabolic diseases such as diabetes, hypertension and lipid abnormality according to the health check-ups. We measured their basic clinical parameters including blood pressure and neutrophil count, plasma sE-selectin concentration and lifestyle factors, and assessed their interrelations by multivariate linear regression (MLR) analysis. A total of 351 subjects aged 47.568.41 (range, 30-64) y were recruited. Significantly correlated with sE-selectin concentration were neutrophil count, diastolic blood pressure (DBP), and systolic blood pressure (SBP) (Pearson's correlation coefficient, 0.194, 0.220 and 0.175, respectively). MLR analysis showed that sE-selectin concentration was independently positively related with DBP and neutrophil count, whereas neutrophil count was positively associated with sE-selectin concentration but not DBP. DBP, but not SBP, was independently positively correlated with sE-selectin concentration but not neutrophil count. These results indicate that circulating sE-selectin concentration may be a biomarker for indicating subsequent development of metabolic diseases, in particular CVD, from a healthy state.
It is known that metabolic abnormalities, which are frequently related to lifestyle factors such as dietary habits, exercise and smoking, induce cardiovascular diseases (CVD) and related diseases such as heart failure. Many studies have demonstrated that hypertension, lipid abnormalities and hyperglycemia are associated with increased subsequent incidence of CVD (1) . It is necessary to develop useful predictors for indicating subsequent development and progression of CVD, in particular from healthy subjects.
Many epidemiological studies have demonstrated that the circulating concentration of the soluble type of E-selectin (sE-selectin) is associated with CVD risk factors such as hypertension and lower high-density lipoprotein cholesterol (HDL-C)/high low-density lipoprotein cholesterol (LDL-C) in healthy subjects and people with metabolic diseases in Western and Asian populations (2) (3) (4) (5) . E-selectin plays roles on the initial step of attachment of leukocytes (rolling adhesion) such as neutrophils and monocytes to vascular cells, and activates these leukocytes (6) . Neutrophil attachment to vascular cells and leukocyte activation induces production of reactive oxygen species and release of destructive proteases, leading to vascular injury (7) . In addition, monocyte attachment to vascular cells induces atherosclerosis by differentiating the macrophages and forming foam cells between the vascular cells (8) . Therefore, increasing sE-selectin concentration would induce CVD by injuring vascular cells through activation of neutrophils and monocytes.
Several studies have demonstrated that a higher neutrophil count is associated with increased mortality in Asian and Western patients with chronic and acute heart failure (9) (10) (11) . In addition, neutrophil count is positively associated with CVD risk factors in healthy Asian and Western people (12, 13) . Because E-selectin is related to neutrophil function as mentioned above, circulating sE-selectin concentration may be closely associated with neutrophil count in healthy subjects (6, 14) . These results suggest that E-selectin has a direct role in increasing neutrophil count. However, it is still unknown whether sE-selectin concentration is positively associated with neutrophil counts in healthy subjects as well as in patients with CVD.
Plasma sE-Selectin Level Is Positively Correlated with Neutrophil Count and Diastolic Blood Pressure in Japanese Men
In the present study, we investigated relations among circulating sE-selectin concentration, neutrophil count, and blood pressure in middle-aged Japanese men who were not diagnosed with or being treated for metabolic diseases such as diabetes, hypertension and lipid abnormality according to their health check-ups.
MATERIALS AND METHODS
Subjects. We conducted a cross-sectional study of 740 men aged 30-64 y who participated in health check-ups at Shizuoka Medical Center (Shizuoka Prefecture, Japan) between July 2005 and March 2007. Excluded were subjects being treated for stroke, hypertension, cardiac disease, diabetes, hyperlipidemia, liver diseases, kidney diseases, prostate gland diseases, gout, allergic diseases, psychiatric diseases, cancer and ulcer prior to the check-ups. Finally, we enrolled 351 subjects. Anthropometric data were recorded and blood samples collected from each participant by trained medical staff. The participants were asked about their smoking status and physical activity. Number of cigarettes consumed per day and duration of smoking were recorded and smoking status was indicated by the Brinkman index, which multiplies the number of cigarettes smoked per day by the duration of smoking (years). Physical activity was recorded as exercise times per week. Alcohol and energy intake during the preceding month were assessed by the Brief Self-administered Diet History Questionnaire (15) . All subjects gave informed consent for the use of their personal information for this study. The study protocol was approved by the Ethics Committee of the University of Shizuoka (Shizuoka, Japan), based on the Declaration of Helsinki.
Measurements. After an overnight fast, height, weight, and blood pressure (diastolic blood pressure (DBP) and systolic blood pressure (SBP)) were measured and blood samples collected from each subject. Body mass index (BMI) was calculated as weight in kilograms divided by the square of height in meters. Plasma samples were kept at 280˚C for subsequent assays. Total cholesterol (TC), HDL-C, LDL-C, triacylglycerol (TG), fasting serum glucose, hemoglobin A1c (HbA1c), aspartate aminotransferase (AST), alanine aminotransferase (ALT), g-glutamyl-transpeptidase (GTP), creatine, leukocyte count, and high-sensitive C-reactive protein (CRP) (latex agglutination method) were assessed. HbA1c in plasma was determined by the method based on the Japan Diabetes Society (JDS); values were converted to units of National Glycohemoglobin Standardization Program as "JDS value plus 0.4%."
Plasma sE-selectin concentration was measured by neutrophil count, SBP, and DBP) were performed using independent variables that were associated with the dependent variables by Pearson's correlation coefficient: DBP, HDL-C, TG, fasting blood glucose, ALT, neutrophil count, CRP, age, BMI, and lifestyle factors (Brinkman index, physical activity, alcohol intake and energy intake). We excluded SBP, LDL-C, g-GTP activity, AST activity and counts of leukocytes except for neutrophils in the analysis because these factors were collinear with the selected independent variables. All statistical analyses were performed using Excel Statistics 2008 (Social Survey Research Information Co., Ltd., Tokyo, Japan).
RESULTS
Physical characteristics, anthropometric and body composition measures and lifestyle habits in the subjects are shown in Table 1 . Five, 124, 26 and 28 subjects had fasting blood glucose .125 mg/dL, TG .149 mg/dL, SBP .139 mmHg, and DBP .89 mmHg, respectively. Table 2 shows Pearson's correlation coefficients of sEselectin, neutrophil count, SBP or DBP, with other characteristics. Circulating sE-selectin concentration was positively associated with BMI, SBP, DBP, TC, TG, fasting blood glucose, g-GTP, AST, ALT, white blood cell count, neutrophil count, basophil count, monocyte count, large unstained cell count and alcohol intake. The neutrophil count was positively associated with sE-selectin, BMI, white blood cell count, lymphocyte count, basophil count, monocyte count, large unstained cell count, CRP, Brinkman index, and negatively associated with age and HDL-C. SBP was positively associated with sE-selectin, age, BMI, DBP, TG, fasting blood glucose, g-GTP, AST, ALT and alcohol intake. DBP was positively associated with sE-selectin, age, BMI, SBP, TC, TG, fasting blood glucose, g-GTP, AST, ALT and alcohol intake. Table 3 shows ANOVA among tertiles (T1, T2 and T3) for age, BMI, SBP, DBP, TG, fasting blood glucose, ALT activity, neutrophil count, CRP, Brinkman index, physical activity, alcohol intake and energy intake. For SBP, DBP, fasting blood glucose, ALT, neutrophil count and CRP, sE-selectin concentration was higher in T3 than in T1. sE-selectin concentration in T1 of physical activity and in T3 of alcohol intake were higher than in T2. Neutrophil count was higher in T3 of CRP and Brinkman index than in T1. Neutrophil count in T1 of physical activity was higher than in T2. SBP was higher in T3 of age, BMI, DBP, fasting blood glucose and CRP than in T1. SBP in T3 of TG and energy intake was higher than in T2. DBP was higher in T3 of age, BMI, SBP, TG, fasting blood glucose and CRP than in T1. SBP in T1 and T3 of the Brinkman index and SBP in T3 of alcohol intake were higher than in T2. Table 4 shows MLR analyses for the dependent variables (sE-selectin, neutrophil count, SBP, and DBP) using independent variables for sE-selectin, age, BMI, DBP, HDL-C, TG, fasting blood glucose, ALT, neutrophil (a, b) Different letters denote significant differences among tertiles by Tukey's test based on one way ANOVA in each group. Each factor was divided into tertiles (T1, T2 and T3) and parenthetic value indicates range of the factor in each group.
intake and independently negatively associated with the Brinkman index. DBP was independently positively associated with sE-selectin, age, BMI, TG, and alcohol intake and independently negatively associated with the Brinkman index and energy intake (Table 4) .
DISCUSSION
The present study focused on relationships among circulating sE-selectin concentration, neutrophil count, and blood pressure in middle-aged Japanese men who were not diagnosed with or being not treated for metabolic diseases according to their health check-ups. Previous studies have demonstrated that circulating sEselectin concentration is positively associated with BMI, blood pressure and TG in male and female white and South Asian subjects who are free from coronary heart disease, stroke and other cardiovascular disease and diabetes (4, 16) . In this study, we have demonstrated that circulating sE-selectin concentration is positively associated with BMI, blood pressure and TG as well as TC and fasting blood glucose levels in the middle-aged Japanese apparently healthy subjects. These findings supplement previous reports in Japanese type 2 diabetic patients in whom circulating sE-selectin concentration was positively associated with TG and fasting blood glucose levels (17) . Interestingly, we found a strong positive association of circulating sE-selectin concentration with neutrophil count in our subjects. Moreover, no association between neutrophil count and blood pressure was observed. From the results in the current study as well as those in previous reports, we hypothesized in this study that circulating sE-selectin concentration would be independently associated with neutrophil count and blood pressure and might be a useful biomarker for metabolic disorders related to increased levels of neutrophil count and blood pressure such as CVD.
To explore the hypothesis, we performed MLR analyses using variables associated with sE-selectin concentration, neutrophil count, SBP or DBP and lifestyle factors. Interestingly, circulating sE-selectin concentration was independently positively associated with neutrophil count as well as DBP, but not SBP, whereas no independent association between neutrophil count and DBP was observed. Previous studies have demonstrated that high blood pressure is one of the major risk factors of CVD (1). In addition, neutrophil count is associated with mortality in Asian and Western patients with chronic and acute heart failure (9-11). One of the causes of chronic and acute heart failure is induction of vascular injury by increasing numbers of neutrophils, because attachment and activation of neutrophils induces production of reactive oxygen species and release of destructive proteases (7) . The hypothesis is supported by many studies including this study showing that the inflammation and oxidative stress marker CRP is positively associated with neutrophil count, but not DBP, in men without treatment for metabolic diseases (13) and patients with chronic stable angina (18) . This combination of hypertension with increasing neutrophil count would induce chronic and acute heart failure from the Table 4 . MLR analysis of parameters as independent variables for sE-selectin, neutrophil count, SBP and DBP. ,0.001*** pre-stage of CVD. Our results suggest that E-selectin may have roles in elevating blood pressure and increasing neutrophil count. Indeed, deficiency of E-selectin in mice by gene targeting leads to reduced neutrophil count and CVD (6, 14) , although the function of the sEselectin is still unknown. sE-selectin is considered to be a deviating protein; however, the average plasma concentration in apparently healthy Japanese men in the current study was not low (32.9613.8 ng/mL). Thus, sEselectin may have functions of elevating blood pressure and increasing neutrophil count. It should be examined in animal studies whether injection of sE-selectin into animals induces elevation of blood pressure, neutrophil count and incidents of CVD. Furthermore, these results indicate that damage of vascular injury by E-selectin may have occurred from a healthy state, and sE-selectin concentration, neutrophil counts and blood pressure would be useful biomarkers for preventing development and progression of CVD from a healthy state.
The reason why the association of sE-selectin concentration with DBP was stronger than that with SBP in this population is still unclear. It has been reported that subjects with systolic hypertension had a higher risk of stroke than those with diastolic hypertension (19, 20) . Our results are in contrast with these previous studies. It is already known that older people with hypertension tend to have higher SBP than DBP (21) . It has also been reported that DBP is a strong risk factor for developing CVD in the population under 50 y, whereas SBP is a strong risk factor in the population over 60 y (22) . Subjects in the current study are almost all middle aged, from 40 to 64 y (47.568.41), and their values for SBP and DBP are mostly within a normal range (6 and 28 subjects among 351 had high SBP and DBP, respectively). Thus, the stronger association of sE-selectin concentration with DBP than with SBP in this study may be caused by the younger study group and earlier developmental stage for CVD.
It should be mentioned that association between circulating sE-selectin concentration and monocyte count was lower than that between sE-selectin concentration and neutrophil count in this population, although many animal studies have demonstrated that macrophages differentiated from monocytes induce atherosclerosis (8) . Previous studies have demonstrated that monocyte count is also positively associated with CVD in Western and Asian people (23, 24) . However, many studies have demonstrated that neutrophil count rather than monocyte count is positively associated with development of CVD in Western and Asian countries (10, 13, 25, 26) . These results indicate that neutrophils may contribute to and predict the development and progression of CVD. Our results indicate that neutrophil count is positively associated with circulating sE-selectin concentration more than monocyte count, suggesting that E-selectin may be related to the development of CVD by increasing neutrophil count.
In addition, sE-selectin concentration was independently positively associated with ALT activity. ALT activity is known as a marker indicating liver damage, particularly, fatty liver. Thus, circulating sE-selectin concentration may be elevated by liver damage. Neutrophil count is independently positively associated with CRP concentration and independently inversely associated with HDL cholesterol. Many previous studies have demonstrated that CRP is a strong risk factor for CVD (27, 28) and that low HDL-C is a major risk factor for the development of CVD. Neutrophil counts are also positively associated with CVD risk factors in healthy Asian and Western people (12, 13, 29) . In addition, one of the causes of chronic and acute heart failure is thought to be the induction of vascular injury through an increased neutrophil count, because neutrophil activation induces their attachment to vascular cells, the production of reactive oxygen species, and the release of destructive proteases from the neutrophils (7).
We showed strong association between circulating sE-selectin concentration and neutrophil count by MLR analyses. However, R 2 for MLR analyses was relatively low (R 2 of sE-selectin, neutrophil count, SBP, and DBP, were 0.231, 0.220, 0.215 and 0.217, respectively). Because R 2 of MLR analyses indicates the relevance of the multiple regression equation, it is difficult to predict circulating sE-selectin concentration by independent variables using the equation, and other factors including blood parameters and lifestyle factors would also be related to circulating sE-selectin concentration. However, the population in our study was apparently healthy men. Thus, our results indicate that association between sE-selectin and neutrophil count or blood pressure can be observed from the healthy state. In addition, our results indicate that associations among sE-selectin, neutrophil count, and blood pressure may be affected by lifestyle factors and related blood parameters.
In summary, circulating sE-selectin concentration is independently positively associated with neutrophil count and blood pressure in Japanese men who were not diagnosed with or being not treated for metabolic diseases according to their health check-ups. Our results suggest that circulating sE-selectin is related to increased neutrophil count and elevated DBP, and those associations may be related to the development of CVD, but this hypothesis should be examined in well-designed cohort studies.
